ABSTRACT. Of 197 cases of canine oral malignant melanoma, 29 cases with myxoid, cartilage, and osteoid formation were studied pathologically and immunohistochemically. Tumor tissues were classified into spindle cell type (13 cases), epithelioid cell type (1 case), and mixed type (15 cases). Myxoid matrixes (29 tumors) were formed mainly in the tissues of spindle cell type and were positive for Alcian blue (pH 2.5). Cartilaginous matrixes (12 tumors) were formed in the myxoid tumor tissues. The morphology of atrophied neoplastic cells, which were embedded in the cartilage cavities, significantly differed from that of spindle cells proliferating in surroundings. There were reticular areas in the process of transitioning from myxoid to cartilaginous matrixes. Osteoid matrixes were not continuous with myxoid or cartilaginous matrixes, and arose as eosinophilic trabeculae in the dense collagenous connective tissues. A calcified bone trabecula was present among the osteoid trabeculae in a case. Melanin-producing melanocytes were proliferating in the collagenous matrixes, while amelanotic cells were in the osteoid matrixes. Immunohistochemistry demonstrated proliferating neoplastic cells as melanocytes. All cells in/out of these three matrixes were positive for Melan-A, S-100 protein, NSE, and vimentin. From these results, it is suggested that cartilage and osteoid matrixes are produced by dedifferentiated melanocytes. KEY WORDS: canine, cartilage, oral melanoma, osteoid.
Canine malignant melanoma is common, comprising 3% of all tumors and 7% of malignant tumors; 56% of the melanoma develops in the oral cavity [13, 25] . Malignant melanoma also accounts for 1/3 of all tumors that occur in the oral cavity [3] . When benign, neoplastic melanocytes have a round or polygonal shape and produce varying amounts of melanin pigment in their cytoplasm, so they are very helpful in the diagnosis of melanoma. However, as such a tumor increases its malignancy, pigment production decreases considerably and tumor cells change into a short or long spindle cell type or epithelioid cell type with large and clear cytoplasm. These make diagnosis of malignant melanoma extremely difficult unless melanin pigments, an indicator of the disease, are demonstrated [24] . We have observed a diversity of tumorous melanocytes of canine skin and oral malignant melanoma in a large number of surgical biopsies and often experienced cases where myxoid and/or cartilaginous matrixes appeared in the melanoma tissue.
Although there have, since the mid-1980s, been many reports of malignant melanomas with bone or cartilage formation in humans [1, 2, 7, 9, 11, 12, 16, 18, [20] [21] [22] 26] , only a few reports have been published concerning such melanomas in canines [4, 8, 19, 25] . Blanchard et al. and Smith et al. reported cases involving cartilage formation, and Chenier et al. and Maliver et al. reported cases of malignant melanomas involving osteoid formation. In this study, we report a retrospective survey and morphogenesis of bone and cartilage formation of canine oral malignant melanomas.
MATERIALS AND METHODS
For this study, 197 cases of canine malignant melanoma that developed in the oral cavity in a period of 13 years (1994-2006) were re-examined. Twenty nine cases (14.7%) in which myxoid, cartilaginous, and/or osteoid matrixes appeared in the tumor stroma were selected. Among these 29 cases, there was no tendency for differences in terms of breed or sex and the mean age was 12.4 years (2.8-18.0 years) (Table 1) .
Tumor tissues were fixed in 10% buffered formalin solution, paraffin-embedded, sectioned, and stained with hematoxylin-eosin (HE). Specific staining with Azan and Alcian blue (pH 2.5) for demonstration of myxoid materials was also performed. Immunohistochemical staining was performed for some selected tumor tissues using antibodies for identification of Melan-A (monoclonal, prediluted; Nichirei) and S-100 protein (polyclonal, prediluted; Nichirei) as the marker for melanocytes, vimentin (monoclonal, prediluted; Nichirei) as the marker for mesenchymal cells, and neuron specific enolase (NSE; monoclonal, prediluted; Zymed) as the marker for the cells of neuronal origin. Thin sections were deparaffinized and treated with H 2 O 2 -added methanol for inactivation of endogenous peroxidase. Antigen retrieval by autoclave heating for Melan-A and retrieval by microwave heating for vimentin and NSE were performed. No antigen retrieval was used for S-100 protein. Primary antibodies of S-100, vimentin, and NSE were added, and reacted with secondary antibody of peroxidaselabeled polymer (Histofine MAX-PO (Multi), Nichirei), and sections were visualized with aminoethylcarbamazol (AEC; Nichirei). For Melan-A, the avidin-biotin-peroxidase complex (sABC) method was used for the tissue samples after inactivation of endogenous peroxidase and blocking with 10% normal rabbit serum. The chromogen used was AEC. All sections were counterstained with Mayer's hematoxylin.
RESULTS

Morphology and characteristics of neoplastic melanocytes
Of the 29 cases of canine oral malignant melanoma, 23 cases had some degree of melanin pigmentation produced by the tumor cells and could be diagnosed as neoplastic melanocytes. However, the remaining six cases had a mixture of foci containing both melanin-producing cells and amelanotic cells. Of the latter six cases, three cases (case Nos. 2, 4, and 14) included the foci without any melanin production and another three cases (case Nos. 16, 20, and 21) were amelanotic melanoma throughout the tissues. In terms of the types of predominantly proliferating cells, 13 cases were classified into spindle cell type, 1 case was classified into epithelioid cell type, and 15 cases were classified into mixed cell type consisting of epithelioid and spindle cells. Case No. 7 had foci containing both spindle and clear cell types. In terms of cellular atypia, the foci of both the spindle and mixed cell types showed more remarkable anisokaryosis and nuclear pleomorphism than the other cell type. The average mitotic count (maximum number of cells in mitosis observed per field with a × 40 objective lens [0.16 mm 2 ]) for the foci of the spindle cell type was 6.0 (from 2 to 13) while the average count of all types was 5.5, indicating high proliferation activity. Foci of clear cells did not show any cellular atypia. The cell types, melanin production, and mitotic counts are summarized in Table 1 .
Histopathology of malignant melanoma
Of the 29 cases showing myxoid matrixes in the tissues of the malignant melanoma, cartilaginous matrixes were present in 12 cases and osteoid matrixes were present in 3 cases (Table 1 ). In one of these three cases (case No. 5), calcified trabeculae existed among the osteoid matrixes. Histological appearances of each type of matrix are described below:
Myxoid matrix: Myxoid areas were either stained slightly basophilic or were unstained, and were Alcian blue (pH 2.5)-positive (Fig. 1) . Neoplastic cells were distributed sparsely. Although almost all myxoid matrixes were present in the foci of spindle cell type, they were also found in the foci of the epithelioid cell type without melanin production in case No. 4 (Fig. 2) .
Cartilaginous matrix: Twelve cases had areas of apparently cartilaginous matrixes that showed increased basophilic staining with HE stain. The cartilaginous matrix was also strongly positive for Alcian blue (pH 2.5). Morphologically atrophied neoplastic cells were embedded in the cartilage lacuna-like spaces in the matrixes (Fig. 3) . The cells in the cartilage lacuna significantly differed from the spindled neoplastic melanocytes proliferating around the cartilaginous matrix morphologically and were not identified as the same cells (Fig. 4) . However, granular melanin pigments were also present in the matrix. Although most of the neoplastic cells around the cartilaginous matrix were spindle type cells, in case Nos. 2 and 10, cartilaginous matrixes were formed in the foci of epithelioid cell type. A large myxoid area with cartilaginous matrixes was also formed in case No. 3 and its size was 5 × 6 mm on the sliced preparation (Fig. 3) . The matrixes consisted of melanin-producing spindle cells.
Osteoid and bone matrixes: Osteoid matrixes were not continuous with myxoid or cartilaginous matrixes and were present in the dense collagenous connective tissues. These trabeculae-like areas were strongly eosinophilic and were negative for Alcian blue (pH 2.5). As seen in case No. 13, there was a mixture of areas with well-developed fibrous tissue and areas with osteoid trabeculae (Fig. 5) . Melanin-producing spindle melanocytes were proliferating in the former fibrous areas, while the cells proliferating in the osteoid trabeculae were amelanotic. While calcification was not found in the osteoid matrixes, a calcified bone trabecula was present among the osteoid trabeculae only in case No. 5. (Table 2) Immunohistochemical properties of neoplastic cells for Melan-A, S-100 protein, vimentin, and NSE reactivity were examined in five cases with cartilaginous matrix formation (case Nos. 1, 3, 5, 12, and 14) and in one case with bone matrix formation (case No. 14). Mature neoplastic melanocytes were strongly positive for Melan-A. Epithelioid and spindle tumor cell types also showed granular positive reac- tivity in the cytoplasm (Fig. 6a) . Although the cells distributed at the periphery of the cartilaginous matrix and cells in the superficial layer of the cartilaginous matrix were positive for Melan-A, cells in the deep area of the matrix were weakly positive or negative. Clear positive reaction to S-100 protein was seen in the cytoplasm of almost all cells of each cell type as well as in cells of the myxoid matrixes. Cells at the periphery of the cartilaginous matrix reacted positively to S-100 protein, but the reactivity decreased from strongly to weakly positive or negative toward the deeper part of the cartilaginous matrixes (Fig. 6b) . All cell types were strongly positive for vimentin. The reaction of vimentin was similar to that of S-100 protein, but positive reactivity remained even in the deep areas of the cartilaginous matrixes. For NSE, cells in the superficial layers and at the periphery of the matrix were strongly positive (Fig.  6c ), but were weakly positive or negative in the deep areas. Amelanotic spindle cells proliferating at the periphery of the osteoid matrix were positive for Melan-A but were negative for S-100 protein. The cells in the osteoid matrix, on the other hand, were positive for both Melan-A and S-100 protein (Fig. 7) . The reactivity for Melan-A in the matrix was weaker than that in the cartilage matrix.
Immunohistochemical properties of neoplastic cells in the matrixes
DISCUSSION
Although there is no description of tumors with osteocartilaginous matrix formation in the WHO classification of melanocytic tumors of human skin that was published in 1996 [14] , there were some reports of such cases prior to the announcement of this classification [5, 12, 18, [20] [21] [22] [23] . On the other hand, the WHO classification of melanocytic tumors in canine skin [10] contains the description: "Occasionally, cutaneous or sublingual malignant melanomas show foci of chondroid or osseous metaplasia". Although malignant melanomas rarely show bone or cartilage formation, it is definitely considered a histological condition that can be seen in the tumor tissues of both humans and canines. Reports on such melanoma in humans show that atypical melanocytes around the cartilaginous matrix produce myxoid substances [1, 23, 26] , but never mention a transitional morphology of the myxoid matrix to the cartilaginous matrix. The present study revealed the transitional morphology of a myxoid matrix progressing toward cartilage formation. In other words, neoplastic cells in the myxoid matrix are enclosed in the matrix due to an increasing concentration of mucus and they gradually form spaces like cartilage lacuna around cell bodies. Such a matrix is considered to be in an early stage of cartilaginous matrix formation and the cells embedded in the superficial layer of the matrix are neoplastic melanocytes obviously because of their positive reactivities to S-100 protein and vimentin. Many previous reports have also indicated similar immunohistochemical properties [4, 25] . For Melan-A, which is very useful in identifying melanocytes [6, 15, 17, 19, 24, 25] , positive reactivity was demonstrated in the neoplastic cells in the myxoid matrix and at the periphery of the cartilaginous matrix as shown in Table 2 . Also, some cells in the superficial and deeper layers of the cartilaginous matrix were positive for Melan-A. Cells in the deep area lost their positive reactivity to S-100 protein and NSE. Thus, neoplastic cells in the cartilaginous matrix gradually changed their melanocytic properties.
Formation of osteoid trabeculae in the tumor foci found in 3 cases is thought to have another mechanism, because the matrix had no relationships to the myxoid or cartilaginous matrixes mentioned above. All three tumors had remarkable proliferation of connective tissues and developed homogenous osteoid areas in parts. The existence of osteoid structures in the melanoma tissues has been frequently reported as one of the histologic features of desmoplastic melanosarcoma in human skin [9, 12, 14, [19] [20] [21] . Nakagawa et al. observing fine structures of the matrix, reported the deposition of hydroxyapatite crystals in the collagen fascicle [21] . Moreno et al. observed the presence of collagen fibers and melanosomes in the osteoid matrix [20] . Both reports have concluded that neoplastic melanocytes actively produced collagens and that osteoid matrixes were formed from dense connective tissues. The tumors in the present three cases are considered to be similar to desmoplastic melanosarcoma. And, they were clearly differed from odontogenic tumors because of their positive reactivity to Melan-A. The hypothesis that osteosarcomas coexist in the tissues of malignant melanomas has been disproved because cells adjacent to the cartilaginous and osteoid matrixes of melanomas are positive for S-100 protein [5, 8] , whereas the tumor cells of osteosarcomas are always negative for S-100 protein.
In regard to the phenomenon where the tumor stroma of malignant melanomas forms cartilage and bone, the involvement of neoplastic melanocytes in formation of the matrix has been revealed from the morphological characteristics and immunohistochemical properties of the proliferating cells in this study. Hoorweg et al. [16] listed four possibilities for the mechanism of cartilage or osteoid formation: (a) osteoid and bone formation in a traumatized tumor as a result of a reparative process, (b) melanoma's mesenchymal metaplasia, (c) reparative reaction of the surrounding tissue, and (d) pseudosarcomatous differentiation of the surrounding tissue. They emphasized mechanisms (a) and (b), pointing out that the cells directly related to bones are morphologically melanocytes. Based on our observations of 29 cases, two processes were thought to be involved. One is that neoplastic melanocytes produce a myxoid and cartilaginous matrix, and the other is that the cells produce dense connective tissue, resulting in osteoid formation in the tumor intersttium. It is described that melanocytes of neuroectodermal origin can become neoplastic cells with neural characteristics, forming myxoid areas containing abundant mucin in the matrix, or forming areas similar to malignant Schwannoma [14] . It is noticeable that myxoid changes and cartilage formation was frequently observed in the foci where amelanotic spindle cells were proliferating actively. While losing the ability to synthesize melanin, neoplastic melanocytes seem to gain characteristics of Schwann cells or fibroblasts, producing mucus, cartilage, or collagen [5, 9, 14, 18, 22] . This suggests that cartilage and osteoid matrixes in the malignant melanoma tissue are produced by dedifferentiated melanocytes. 
